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Introduction

This tutorial is intended for the users, who begin to process seismic reflection CDP data in the
RadExPro Plus program. All standard stages of basic CDP processing are discussed, from the
introduction of geometry to stacking, that is the so-called minimal processing sequence. It is
assumed that the user is already familiar with the theory of the CDP reflection method and with the
fundamental technology of processing such data.

The processing is conducted on an example of the real data, which can be downloaded from our
Web-site: http://radexpro.ru/upload/file/tutors/CDP/inpdata.zip

The archive contains initial data for the work: a fragment of an on-shore seismic profile, recorded in
SEG-Y format (file line 1.sgy), with the trace headers containing source point and receiver point
numbers, and two ASCII files, rec_geom.txt and sou_geom.txt, containing coordinates of the
receivers and sources, respectively.

Furthermore, you can load the final project, which is a result of executing all steps, described in the
tutorial: http://radexpro.ru/upload/File/tutors/CDP/MyProject.zip

Note that the facilities of the software, of course, are not limited to the minimal processing sequence
described here. We consciously did not consider more complicated tasks such as, for example,
horizontal velocity analysis, migration, calculation and analysis of seismic attributes, etc. You can
find the information about these and other procedures of data processing and analysis in the "User
Manual" to the program.

Data input, assigning geometry, binning

Creating a RadExPro Plus project

All reflection data processing in the RadExPro Plus is performed within the framework of projects.
A project is a complex of initial data, intermediate and final processing results, processing flows, all
organized into a common database used by the software. The projects are stored in separate folders
on disk. When a project is created, the new folder for it is created automatically. A project can be
transferred from one computer to another by simple copying of the folder (in case that all the data
used are stored inside this folder).

Let us create a new processing project. Start-up the software. To do this select RadExPro Plus
Total 3.75 command in the Windows Start menu.
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When the RadExPro Plus starts, the Project Manager dialog opens, containing the list of
registered projects.

¥ RadExPro Project Manager

Regztered projects

Line_27_lam
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shallow, NSP Select project... |
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>
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Project directon:

Click the button New Project and select a parental folder on the disk, where the subdirectory with
the project will be created. After this, in the appearing window, enter the new project name.

Mew database E'

Title |M_I,I Projecy

[v Create subfolder

k. | Cancel

Make sure that the option Create subfolder is selected and click OK. In the selected folder, the
subdirectory with the project name will appear. Also the project will appear in the list of available
(registered) projects.
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Select it and click OKk.

The main window of the RadExPro program, containing the project tree, will appear. By now this
tree is empty.

P+ RadExPro+ 3.7 >>> My Project Ml=13

Help ©ptions Database Tools  Exik
A
NEW
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RENAME
U
TRASH)
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Loading raw data into the project

Using Windows Explorer, enter the project folder:
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In this folder, create a subdirectory Data and copy the initial data there.
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Storing the data inside the folder of the project allows the software to use relative paths to the data
files instead of the absolute ones. This makes the transfer of projects from one computer to another
much easier.

Return to the main window of the RadExPro program. A RadExPro database has 3 structural
levels. The upper level corresponds to a study area, the middle level - to a /ine, and the lower one -
to a processing flow. Right-click with the mouse on the yellow circle (that is the root of the project
tree), select option Create new area in the context menu, and enter a name of the area where the
field work was conducted. .
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The following figure shows the window, where the name of the area should be entered :

Mew area name
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¥+ RadExPro+ 3.7 >>> My Project

Help Options Database Tools  Exit

Yieny map

. Create line. ..

Rename...
Delete

Similarly, right-click with the mouse on the yellow rectangle with the name of the area, select
Create line command and create a new line. The name of the line is assigned the same way.

Hew line name E |

Lire 1

()4 ‘ Cancel

The database allows storage of several areas within one project. Each area may contain several
lines, each line may contain several processing flows that are applied to the data of this line.

The same way you created the area and the line, create a processing flow and name it 010 - data
load. 1t is recommended to that you start the name of each flow with a number. The process of
seismic data processing has several stages, carried out consecutively. Since the RadExPro Plus
program sorts the structural elements of the database alphabetically, it is reasonable to number the
flows so that they would be displayed in an accurate logical sequence.

. RadExPro+ 3.7 >>> My Project M=
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A
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ME1 DhIClck - Default action; MBZ - Context menu; ME1 - Drag flow ko line to copy w
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Double-click the left mouse button on the flow name to enter the flow editing mode. The window of
the flow editor will open. On the left side of the window is the flow itself (it is empty so far), on the
right side is the library of available processing routines (modules), divided into groups.
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Help Options Database Tools Run Flowmode,..  Exit

Data 1/O il
Trace Input Dt Input
Trace Ouiput Deta Output
SEG-D Input Super Gather
Lamb: Sofid Layer - Solid modeling  SCS-3 Input
SEG-B Input SEG-Y Input
SEG-Y OQuiput Text Quiput
Signal Processing
Amplitude Correction Bandpass Fiftering
DC Removed Hilbert Transform
Resamplz Trace Math Transforms
Treace Meath Fransforms (1) Wave field subtraction
Stacking/Ensembles
Ensemble Stack Asymptotic CCP Binning
Deconvolution
Deconvolution Predictive Deconvolition

Sturfuce-Consistent Deconvalution Custom Impulse Trace Transforms
Nonstationary predictive decenvelution

Trace Editing

Trace Math X Interpolation
Trace Lengih Trace Editing
Data Enhancement
2D Spatical Filtering F-K Filtering
Redon Transforms Redicl Trace Transform
2D Spatial Filtering (1)
Migration
T-K Migration STOLTID
Stoft F-K Migration
Interactive Tools
Screen Display Velocity Editor
QC Anclysis Interactive Velocity Analysis
3D Gazer Stream Plotting
Reeelar Screen
Canmothwv/Haasdare
|MBl - Drag module; CbrH+-MEL - Copy module; MEL DblClick - Module Parameters; MEZ - Toggle module; Chrl+MEBZ2 DblClick - Delate A;I

Create a flow, consisting of the modules SEG-Y Input and Trace Output (both are located in
group Data I/0 ). This flow will read the data from a SEG-Y- file and record them into the project
database a "dataset"-object of the database..

Modules are added to the flow one by one. To add a module into the flow just drag it over from the
library on the right to the area of the flow on the left. At this moment, a parameter dialog of the
module will be opened (later, when the module is already in the flow, the same routine parameter
dialog can be called up by a double-click of the mouse on the module name in the flow). While
already in the flow, the routines can be moved up and down relative to each other by simple drag-
and-drop.

In Data 1I/O group find the SEG-Y Input module and add it into the flow. When adding the routine,
assign the parameters of data reading in the opened dialog box. Click the Add... button and select
our test data file /ine_1.sgy. For training purposes, the information about source and receiver
positions in this file is stored not in the standard SEG-Y trace header words, but in the reserved
space of the trace headers. In order to read the traces header information recorded in non-standard
positions within the SEG-Y trace headers, enter a remap of the header fields. For this, switch on the
Remap header value option and enter the following text RECNO,41,,181/ SOURCE,41,,185/.



SEG-Y Input
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d [+ 1Bk Floating Paint 23554
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8
‘ t» SEGY Mormal byte arder [MSE First)
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Sorted by FFID:OFFSET

(¢ Getall © Selection |

o 30 Survey T 2D Survey Prafile 1D |

v Femap header value
RECMO.A1,.,131/ SOURCE 41,185/

Add... Delete | Load list... Save lizt... | Load remap... Save remap...

Ok, | Cancel

Remap of header fields. Some seismic data formats allow trace header remapping, that is storage in
the trace headers of some values, not provided by the standard. Sometimes the values are recorded
in a non-standard format of number representation or in a non-standard position within the header.
As a rule, contemporary software packages provide a possibility to indicate explicitly from what
byte from the beginning of a header and in what format to read the values saved this way. In the
training file /ine 1.sgy, the header fields containing the number (picket) of source and receiver
position are recorded as integer 4-byte numbers in bytes 181-184 and 185-188 are saved this way.
The remap string shown above will allow for reading them from there and saving into the RECNO
and SOURCE header fields of the RadExPro Plus database.

RadExPro header fields. The RadExPro software uses its own set of header fields for storing
auxiliary information about seismic traces. The values of header fields are associated with the trace
and can be perceived an array of named variables linked to the trace.

When creating a new project, the default set of header fields generated is quite similar to the SEG-
Y trace header. (See the correspondence of the RadExPro header fields and SEG-Y trace header in
the description of module SEG-Y Output in the "User’s manual"). However, further the header
fields can be edited — you can add new fields, remove or re-name the existing ones.

A part of the header fields are standard and it is strongly not recommended to change their meaning
(for example field DT must always store the value of the sample interval). Other fields can be used
at your discretion. In the new (or existing, but not used) header fields different information can be
recorded, for example the arival time of a wave as picked on this trace. You can perform
mathematical operations with the values of the header fields, convert them into picks, etc.




After the SEG-Y Input module, add into the flow the module Trace Output, which will save the
data from the flow into the database. Name the object, which will contain these data as “/ine I —
raw” and place it at the second level of the database into the Line I (as shown in the following

Select dataset

X]

Object narme |Iine1 - 1aw
Ohjects Location
= by Area
= Line 1
010 - data load
Rename... Delete | 0k, I Cancel

figure).

Besides, for the control, after module Trace Output, add into the flow the Screen Display module.

The obtained flow must appear as follows:
¥+ My Project/My Area/Line 1/010 - data load

(=1

Help

SEG-Y Input <- line_1.sgy
Trace Output -= line 1 - raw
Screen Display

Options  Database Tools Run  Flow mode...  Exit

Data /O »
Frace Input Dter Input
Trace Quiput Dt Quipuit
V8P Data Modeling 3D Data Input
3D Data Output SEG-D Input
2D Finite Difference Modeling Super Gather
GSST RAMAC/GPR
TOFHC Lamb: Solid Layer - Solid modeling
SC8-3 Input SEG-B Input
SEG-Y Imput SEG-Y Ouiput
Fext Quiput Analagic Date Input
Signal Processing
Amplitide Correction Bandpass Fillering
DC Removal Hilhert Transform
Resarmplez Trace Math Transforms
VEP SDC Trace Math Transfoerms (1)
Wuve field subtraction
Stacking/Ensembles
FEnsemble Stack Asymplotic CCP Binning
Deconvolution
Deconvoliution Predictive Decornvolution

Sturface-Consistenit Deconvoliution

Cristomn fmpulse Trace Transforms

Nonsiationary predictive deconvelution

ME1 - Drag module; Cerl+MEL - Copy module; MEL DbiClick - Module Parameters; ME2 - Togale madule; Chrl+MBZ DhIClick - Delete

For executing the flow select the Run menu command. As a result, the Screen Display window
should open, showing the data being entered, while the data will be read from the disk file and
recorded into the database. The window Screen Display, which should appear on the screen, is

shown below.
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* My Project/My Area/Line 1/010 - data load 9=1[E3]

Zoom  Common parameters,..  Tools 5t Exit Help
~

10004

20004

Tr:100  Sam:60S  Ampe0, 142 £:2420.0ms e ~
< >

Important!: When the volume of the data read from the file is great (comparable or exceeds the
volume of RAM or just around 1 Gb or more), it is necessary to use Framed mode, which allows to
read the data into the memory not as a whole, but by pieces (frames). To turn into this mode and to
determine the size of the frames use the Framed mode... command available from the flows editor
main menu.

Note about the names. A name of any object of the database (seismic dataset, processing flow, etc.)
must reflect its essence, but not consist just of several letters. The name of a seismic dataset should
consist of 2 parts —the identifier of initial data and the processing stage of the data. Thus, when
entering the field data, the name /ine I - raw was selected here.

Geometry assigning and binning

Assigning geometry to seismic data means that for each trace a number of values are determined,
which, then, are saved in the specified header fields of the dataset in the project database. The list of
the necessary values and the header fields corresponding to them are given below:

1. Source point (also called 'shot point' or SP) number (header field SOURCE)

2. SP coordinate(SOU_X)

3. Receiver point (RP) number (RECNO)

4. RP coordinate (REC X)

5. Distance between the source and the receiver (OFFSET) and the modulus of this value
(AOFFSET)

6. Unique field record number (FFID)

7. Channel number (CHAN )
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Note. The list given above corresponds to one-dimensional geometry. Generally speaking, the
header fields SOU_X, SOU_Y and REC X, REC_Y can be used for describing the coordinates of
SP and PP. However, as the observations in the training file were carried out along one line only, it
is proposed to use only one coordinate X, X axis is directed along the profile.

While the FFID, CHAN, SOURCE and RECNO header fields were filled when reading the data
from the initial SEG-Y file, the coordinates of SP and RP should be imported from the test files,
and the distances between SP and RP should be calculated.

In practice, absolutely any combination of the filled trace headers can be met. For example, the data
can be transmitted into processing with empty headers. In this case they should be formed with the
use of tools, available in the processing software package.

The situation, in which the initial seismic data contain the numbers of field records and channels,
while the connection between the field record numbers and SPs, as well as between the channel
numbers for each shot and the RPs is to be calculated is rather widespread. However, for
simplification of geometry assigning for training purposes, the data already contain the numbers of
pickets shot points and receiver points, and only the coordinates are to be imported..

Import of coordinates of source and receiver points from a text file

For manipulations with trace header field values, including import of the values from ASCII tables,
in the RadExPro software the Geometry Spreadsheet tool is used.

My Project/My Area/Line 1/010 - data load

Ip  Options NEEEEEEEN Tools Run  Flowmode..,  Exit

e g e

IG-Y Inpu BP 5DC

race Qutpy 3% Fave field subtreaction
Teen Disp Add data file... -
iFeamekry spreads '.'.I'... .
— pLICoEs s Cnsemble Stack
Database visualization
Database manager. .. .
. Deconvolution

Dataset history. ..
Y nrface-Consistent Decenvolution

Vonsiationary predictive deconvolu

Database management 4

7SP Displey

3D View

Velocity Editor
Advenced VEP Dispaly

Select the Database/Geometry Spreadsheet... entry in the menu.

Then, in the opened dialog, select the seismic dataset, geometry of which is to be edited.
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Choose dataset

X

Object name |Iine 1-rawm

Objects Location

line 1 - raw = by Area
= Line 1
M0 - data load

Rename... | Delete| Higtory. .. | ] | Cancel

The following figure shows the Geometry Spreadsheet window.

line 1 - raw - Geometry Spreadsheet
Fields Edit Tools Egzit

TRACENO

100
101
102
103
104
105
108
107

| %

LI

In order to display the required header fields (all header fields declared in the database already
exist, but are not displayed) use the Fields/Add fields... option of the menu In the opened dialog
box, keeping the Ctrl key pressed, select the following header fields: SOURCE, SOU_X, RECNO,
REC X
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Add header fields to view X

Mame | Type | D escription A
FICK2 Real Harizon pick.
FREAMP Real Instrument gain constant
F_LINE Int32 Receiver line number
REC_CRL Integer Receiver's crozs ne number
REC_DATUM Real Diaturn elevation at receiver group
REC_ELEY Real Receiver group elevation
REC_H20D Fieal “water depth at ieceiver group
REC_INL Integer Receiver's inline number
REC_RESID Fleald
REC_SLOC Int32 Receiver station number within receiver line
REC_STAT Real Receiver group static cormection
REC_STAT1 Reald
REC_STATZ Fleald
REC_STAT3 Reald
Real Uphole time at receiver group
Feal # receiver group coordinate
Real Y receiver group coordinate
Int32 Receiver station Number
Int32 Source line number
Int32 Super gather CDP
Integer Trace sequence number within COP enserble
Intd Stack index
S0U_CRL Integer Source's cross line number
SOU_DATUM Fieal D atum elevation at source
SOU_ELEV Feal Surface elevation at source
SOU_Hz20D Real ‘“Water depth at source
SOU_INL Integer Source's inline number
SOU_RESID Fieald
sOU_SLoc Int32 Source station number within source line
SOU_STAT Real Source stalic correction
SOU_STATT Reald
SOU_STATZ Fieald
SOU_STATS Fieald
Rieal # souce coordinate
SOU_Y Real Y source coardinate
5 | Int32 Source station number
SRF_SLOC Int32
STACKCNT Int32 Murnber of vertically summed traces pielding this trac
STATH Real Intervactive time shifts
STATZ Real Interactive time shifts
TFULL 5 Real End of mute time
TLIWE_S Feal Start of mute time
TOT_STAT Real Total static applied
TR_FOLD Integer Mumber of horizontally stacked traced yielding this tr
TRACEMD Integer Trace sequence number within ling
TRC_TvPE Integer Trace identification code
UPHOLE Real Uphole time at saurce
®LIME_NO Integer CDP Cross Line Mumber 3
< >
Hold Chil o select several fileds
Cancel Load template selection.. | Save template selection. ..

As a result the header editor window shall look as following:

line 1 - raw - Geometry Spreadsheet

Fields Edit Tools Exit

~

“ 1 0.00000 98 0.00000

100 1 0.00000 99 0.00000

101 1 0.00000 100 0.00000

102 1 0.00000 101 0.00000

103 1 0.00000 102 0.00000

104 1 0.00000 103 0.00000

105 1 0.00000 104 0.00000

108 1 0.00000 108 0.00000
107 1 0.00000 108 0.00000 w

ML

Select the Tools/Import menu command. The dialog with the import parameters will open. Open
the file sou geom.txt there and define the rules of filling header fields. For this add to the Matching
fields list the field SOURCE (for that, click the appropriate Add button and select it from the list).
To the Assign Fields list add the SOU X field . Then specify the columns of the text file from
which the indicated fields should be read. They shall be set in the text lines under Set column
buttons. (By the way, if you set the cursor into the appropriate column and click Set column, the
number of the column will be automatically entered there). Finally, the range of the lines should be

14



indicated, from which the program will obtain the values. This shall be done in Lines field: set

From and To values. The correct settin

gs are shown on the figure below.

B Import Headers

Matching fields Azzign fields Lines
Add.. add.. | Fom | [2
Delete Delete | To | [i5
u Slleclny Tesnt table type
,1— ,2— * Delimited
tultiplier |4 Multiplier |4 " Fixed width
[2. 28] Column: 2
SO0URCE SouU_x ~
1 —-12|.50080
2 38.539208
3 88.549208
4 137 .54919
5 187 .54919
i} 237.54919
7 288 .54919
8 338.54919
] 387 .55942
18 437 56940
11 487 .579u1
12 537 .579u1
13 587 58942
14 637 58942
15 687 59943
16 737.59943
17 787 60938
18 837 .61938 v
ok | Cancel | Loadtemplate...| Save template...| File... |

When importing the values of the header fields from the text file, the program works as follows. For
each line of the text file, all the matching fields as well as the assign fields are read from the
specified columns. In the specified seismic dataset all the traces with the values of the matching
header fields being precisely equal to the values from the read line are determined. Then, the values
from the read line are entered into the assign fields of these traces.

Important!: Among other things, this means that the matching fields are better to be integer (this

fact shall be taken into account when the files with the geometry are formed).

Click the OK button to assign the header fields. The result is shown below.
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line 1 - raw - Geometry Spreadsheet

Fields Edit Tools Exit

”

“ -12 £0000 l] LLIITHL

100 1 -12.50000 29 000000

101 1 -12.50000 100 000000

102 1 -12.50000 101 000000

103 1 -12.50000 102 000000

104 1 -12.50000 103 000000

105 1 -12.50000 104 000000

106 1 -12.50000 105 0.00000
107 1 -12.50000 106 000000 3

LI

Import the coordinates of the receiver points from the rec .geom.txt file in the same way.

line 1 - raw - Geometry Spreadsheet

Fields Edit Tools Exik

A

“ - 12 0000 2451 aooong

100 1 -12.50000 29 Z4Te.00000

101 1 -12.50000 100 250100000

102 1 -12.50000 101 252600000

103 1 -12.50000 102 2550.00000

104 1 -12.50000 103 IETE.00000

105 1 -12.50000 104 260100000

10& 1 -12.50000 105 262600000
107 1 -12.50000 106 265100000 3

MLIF

Calculation of the distances between the shot and receiver points, coordinates of
CDP points, binning

Using the Fields/Add fields menu entry add to the spreadsheet the following fields: OFFSET
(source- receiver distance), AOFFSET (the absolute value of the offset), CDP_X (coordinate of the
CDP), CDP (CDP point number).
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line 1 - raw - Geometry Spreadsheet

EBX

Fields Edit Tools Exit
A
[ micmo |_somar__soox _|_movo_|_siex _|_omn _|_somn__cx__ce
“ -12.50000 2451.00000 246300000 2463.00000 0.00000 ]
100 1 -11.50000 99 247600000 2488.00000 2488.00000 0.00000 ]
101 1 -11.50000 100 150100000 151100000 251200000 0.00000 L]
102 1 -11.50000 101 1526.00000 223700000 253700000 0.00000 1]
103 1 -12.50000 102 2E50.00000 256200000 256200000 0.00000 ]
104 1 -11.50000 103 257500000 2EET.00000 IE8T.00000 0.00000 ]
105 1 -11.50000 104 1601.00000 261100000 261200000 0.00000 L]
106 1 -1L.50000 105 2616.00000 2632.00000 2638.00000 0.00000 1]
107 1 -11.50000 106 265100000 266300000 2663.00000 0.00000 1]
108 1 -11.50000 107 267600000 268800000 2688.00000 0.00000 ]
109 1 -11.50000 108 170100000 271300000 IT13.00000 0.00000 1]
110 1 -1L.50000 109 271600000 273200000 2T3R.00000 0.00000 1]
111 1 -11.50000 110 275100000 276300000 2763.00000 0.00000 1]
112 1 -11.50000 111 177600000 2T8E.00000 278800000 0.00000 ]
v
ML

For calculation of the specified values use the Trace Header Math tool, dedicated to mathematical
operations with header field values. The Trace Header Math is available from the menu

Tools/Header Math.

In the open dialog box enter the following expressions:
Trace Header Math E|

cdp_® = ([rec_x] +

[gou_x]] # 2

offset = [rec_x] - [sou_x]

aoffzet =

abs([offzet]]

Cancel Load template...|  Sawve template...

o]

and click the OK button.

The numbers of the CDP gathers will be calculated, on the basis of the CDP coordinate and desired
size of a bin. As the distance between the receivers was ~25 m, and the shot interval was ~50 m, the
bin size should be selected as 12.5 m. For calculation of the CDP numbers, in the same Trace
Header Math window enter the following expression:
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Trace Header Math

X)

cdp = tuncl{cdp_x] / 12.5]

k. | Cancel Load template...| Save template...|

The resulting table should look like the following:

line 1 - raw - Geometry Spreadsheet

Fields Edit Tools Exit
A
[ micmo |_somar__sovx_|_movo_|_siex _|_omn _|_somn__cnx __ce
“ -11.50000 245100000 2463.50000 246350000 1219.25000
100 1 -11.50000 a9 247600000 248%.50000 2488.50000 123175000 o8
101 1 -1L.50000 100 250100000 2513.50000 2513.50000 124425000 o9
102 1 -11.50000 101 1526.00000 2532.50000 2538.50000 1256. 75000 100
103 1 -12.50000 102 2E50.00000 2562.50000 2562.50000 1268.75000 101
104 1 -11.50000 103 257500000 2E8T.S0000 IE8T.S0000 12%1.25000 102
105 1 -1L.50000 104 260 1.00000 2613.50000 2613.50000 129425000 103
106 1 -11.50000 105 2626.00000 263%.50000 2638.50000 1306.75000 104
107 1 -12.50000 106 265 1.00000 2663.50000 2663.50000 1319.25000 105
108 1 -11.50000 107 267600000 2688.50000 2688.50000 133175000 10&
109 1 -11.50000 108 170100000 171350000 IT13.50000 1344.25000 107
110 1 -11.50000 109 ITI6.00000 2738.50000 2T38.50000 1356.75000 108
111 1 -12.50000 110 275100000 2763.50000 2763.50000 1369.25000 109
112 1 -11.50000 111 277600000 2TEE.50000 278850000 13%1. 75000 110
v
MUM

To save the changes in the database on exit from the Geometry Spreadsheet select Yes, or use the
Edit/Save changes menu option.

Geometry spreadsheet

\ ‘.i/ Do wou want ko save changes befare exit?
s

Het OTHMEHA |

Sorting the data by CDP and control of the assigned geometry

To verify the correctness of geometry assigned, make the following.

Create a new flow, name it 020 - geometry check

18



¥ RadExPro+ 3.7 >>> My Project

Help ©ptions Database Tools WSS
A
{ My Areal-{Line 1}{010 - data load] =
020 - geometry check|
NEW
ﬁ
RENAME
\—l’
TRAS
ME1 DblZlick - Default action; MEZ - Context menu; MEL - Drag Flow to line to copy w
—

Construct a processing flow, consisting of the Trace Input and Screen Display modules.

P My Project/My Arealline 1/020 - seometry check |Z||E|[z|

Help ©Options Database Tools Run Flow mode,., B
rrum.—:_ut:m SAEEFLS DL BRLAFL

Trace Input <- line 1 - raw Stacking/Ensembles =
Screen Display Ensemble Stack Asymptotic CCP Binning
Deconvelution
Deconvalution Predictive Deconvolution

Surface-Consistent DeconvolutiCustom Impulse Trace Transforms
Nonstationary predictive decanvolution

Interactive Tools

VEP Display Screen Display
3D View 3D Screen Display
Velacity Editor QT Anelysis

MB1 - Drag module; Chrl+MEL - Copy module; MEL DBIClick - Module Parameters; MEZ - Togale module; Chrl+ME2 DblClick - Delete v

The Trace Input should enter the data into the flow sorted by, primarily, CDP and, secondarily,
OFFSET (hereinafter, we will use CDP:OFFSET notation to describe this sorting). For this, set the
routine parameters as shown on the following figure.
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Trace Input
Data Setz Sart Fieldz

line 1 - raw COF ‘

X

Add... Delete | Add... | Delste |

(¥ Selection

B

(" Databasze object

] | Cancel " Get all

Due to this selection of the Sort Fields, the traces will be entered into the flow ordered by their
CDP number. Within each ensemble with identical CDP number, the traces will be ordered by the
OFFSET.

" Select fram file |
Dhoosz. |

The text line specifying a trace selection mask for each of the sorting keys should be entered in the
Selection field. Selection parameters for each of the keys are separated by a colon. In this case, *:*
means that for each of the two sorting keys, all available traces will be entered into the flow sorted
according to the sorting key values in ascending order.

In the Screen Display module assign the parameters as shown on the figure below.
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X

Display parameters

Dizplay mode
Fromt= 00 to [2396 [~ t5cale | O WTA
W
Mumber of traces |2|:||:| [~ % Scale | /Y
f* Gray
Additional scalar [ 3 r
| - F/B

Biaz ||:| 5 " Custor |

[v Ensemble boundaries Wt i jug Beteiial
" MNone

[ “ariable spacing * Ephire screen

[ " Individual

Enzembles' gap |2

Bz Header mark...
[ Muliple panels | | |
) Plot headers. .. | Show headers. .. |
v Llze excursion |2_|:| traces
Ficks zettings...
Sawe Template | Load Template | Ok | Cancel |

If the Ensemble boundaries parameter is switched on, the ensembles of traces will be separated on
the screen by empty spaces. The ensemble in the RadExPro is defined by the first sorting key
assigned in the Trace Input, that is, in this case, by the value of the CDP field.

Click the button Axis... and assign the following parameters of the axes:

Axis Parameters

Time Traces . e Valuss
dt walues CDP ?: ::llfferer;t
] . hterva o
Primary linez | [1000 ~  Multiple e
Secondary lines| |100.0 [ " Different
OFFSET o |nterval [15.0 v
" Multiple

Font size |10 b argine
Left axiz Top axi
b 20 P aRlE
Ok I Cancel | margin |_ M margin Emm

Execute the flow using the Run command of the menu. The raw data sorted by CDP:OFFSET
(CDP gathers) will be displayed on the screen.

21



My Project/My Are

Zoom  Common parameters. .. Help
I
CIE " g Ll 100
OFFSET  -2437435  -030285 565 187 1063 451 1415 306 7073 158% 431 1988 375 -487 238 1012 401 15135 1064 285 438 268 1937 451
o5 = = =

Toon4 e e W S e N R R e - et R T e e

0007 ot e o - e B e e - L e e - e - L N S ] - R e
Tril44  Sami744  Ampe-0.338 k2976 .0ms e | o | P
il 2|k

To control geometry assigning display the theoretical travel times of reflected wave calculated from
header field values. To do it use the Tools/Approximate/Hyperbola (reflection) entry of the
Screen Display menu.

Urrac |

N parameters, ..
40 mims f=00

Hyperbola (difraction)
Spectrum

Pick.

wells, .

Skatic corrections
Apply procedure
Write History.
Amplitude editing
Trace Header Math...

6365 1635432

=
Lol

Reflect header changes in...
Reflect ident. fields. ..

Text hint..,

Print...

Save image...

Use the default parameters of the travel-time hyperbola:
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Hyperbola parameters

t0 step |3I].I]I] min II].I]I] maxl3l]l]l].

v step II].I]1 min II].I]E max IE.I]I]
fi step |5.I]I] min I-HI.'I.I]I] maxlﬂl].l]l]

Cancel |

On the screen the travel time curve of a wave reflected from the boundary of a half-spaces is
depicted by a blue line. Current parameters of the medium and the boundary are displayed in the
upper left corner of the Screen Display window.

Using the arrows on the keyboard (right/left) change the velocity in the medium, until the

approximate coincidence of the blue line and the observed first arrivals is achieved.
. : EEIX)

My P Line heck
oo

.
iR S [ e

a3 atd e 31 320
OFFSET 2838766 133767 1623 1661 465 2813766 I31TET6 1ETRT5 16R6d6S HBRENGG 13776 111365 1610 425 2863766
0 £ = - et

1000 R L B - S A

2000 - - I e - e A s e - Dt o - - AW e

Tr13270 Sami191 Amp:0.00112 i764.0ms e M EI Y
<l | >

. (gl

If it is possible to attain good matching of the observed direct wave by the theoretical travel times
for all CDP gathers, then the distances between the SP and the RP were calculated correctly.

If the matching cannot be attained (for example, the observed travel times appear to be shifted

relative to the theoretical positions), this indicates an error in the geometry of the traces. Then
assign the geometry again or find and correct the error some other way.
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Data analysis and trace by trace processing

Sorting traces by CDP and analysis of the wave field

urc.

Help ©ptions Database Tools WSS

N
RENAME
p

TRASH)

MEB1 DblClick - Default action; MB2 - Context menu; MEL - Drag Flow to line ko copy

|

Put the Trace Input and Screen Display routines into the 030 - preproc flow.
Enter the following parameters in the Trace Input dialog:

Trace Input
Data Sets

line 1 - raw

Add.. Delete | Add. | Delete |

* Selection

0-10000(10)*

" Select from file

" Databaze object
k. | Cancel ™ Get all

The 0-10000(10):* as a sorting rule means the following:
e From all CDP gathers, which fall into the range of 0-10000 (but these are all CDP gathers in
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the dataset), only those with the numbers divisible by 10, will be taken;
e Within the CDP ensembles, the traces will be sorted by the values of OFFSET in ascending
order.

This sorting is necessary now to decrease the amount of data (in 10 times) on the stage of testing of
the processing parameters. Because of this sorting it will be possible to control the result of the
processing not on a single ensemble but on a number of CDP gathers evenly selected along the line.

Assign the parameters of the Screen Display to have some 3-5 gathers on the screen. The flow will
look as follows:

¥:' My Project/My ArealLine 1/030 - preproc

Help Options Database Tools Run  Flow mode... B4
Trace Input <- line 1 - raw Data /O &
Screen Display Trace Input Data Input
Trace Quipit Data Ouiput
VSP Dyeter Modeling 3D Daite Input
3D Drter Outpint SEG-D Input
2D Finite Difference Modeling Super Gather
GSST RAMAC/GPR
JOFHC Lamb: Selid Layer - Solid modeling
SC8-3 Impist SEG-B Input
SEG-Y Input SEG-Y Ouiput
Text Ouiput
Signal Processing
Amplifirde Correction Bandpass Fillering
DC Remavelk Hifhert Transform
ME1 - Drag module; Ctrl+MB1 - Copy module; MEL DbIClck - Module Parameters; MBZ - Togale module; Chrl+MBZ DblClick - Delete w

Execute the flow, the CDP gathers will appear on the screen.

Examine the gathers on the screen and try to identify the types of the observed waves. Find the
direct wave, reflected waves, surface waves.

Estimate the velocity of the direct wave, the group velocity of the surface waves. For this, use the
the Screen Display “Line”-tool allowing to fit theoretical travel times of the direct wave to the data.
Since velocity is calculated as distance from the source divided by the arrival time, first it is
necessary to indicate the header field, which will be used for calculation of the distance between the
traces when calculating the apparent velocity. Use the point of menu Tools/Approximate/Line
Header word... and select the field OFFSET.
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Zoom  Zommaon paramekers. ..

Hyvperbola {difraction)
Spectrum ¥ Hwperbola {reflection)
Pick. 3
L weells,
Static corrections
Apply procedure

Write Hiskary, .

Lime

Save paramekers

Amplitude editing
Trace Header Math...

Reflect header changes in...
Reflect ident. figlds. ..

Text hint...

Print. ..

Save image, .,

AV .

10004

7.

For evaluating the apparent Veloity use Tools/Appoximate/Line. In order to fit the line to the data
assign the beginning of the approximated section on the screen by left click of the mouse, then the

end of the section - by right click. The current value of the apparent velocity

green line in the top left corner of the screen.
My Project/My Areal/Line 1/030 - preproc

Zoor  Cormmon parameters. .
v=155 [OFFSET}ms

Taools  Eor/Siop flow Exit

will be shown in the

Record the obtained values of velocities into a text file. It can be made automatically. For that,
while the Line-tool is active, select Tools/Approximate/Save parameters menu entry.

My Project/My ArealLine 1/030 - preproc

Foom  Common paramebers,,. WEER ConSiop fow Exit

v=165 [OFFSET}ns

Hyperbola {difraction)
Hyperbola (reflection)
Line header word. ..

v Line

Speckrurm

Pick.

wells, ..

Static corrections
Apply procedure
\irite History, .
Amplitude editing
Trace Header Math...

Reflect header changes in...
Reflect ident. fields...

Text hint. .,

Prink. ..

Save image...

Additional window with an editable text field will open. Copy the current ve

Ctrl+Q while the Screen Display window is in focus. You can copy as many values as you like.
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Comments can be added to the copied values in the window, just type them manually. When you are
finished with the velocities, save the file, selecting the command File/Save in the menu of

additional window and then close the window.
My Project/My AreafLine 1/03 proc

Zoom  Common parameters...  Tools  SonShop flow Exit
v =165 [DFESET}ins

File:
v = 1.65 [OFFSET}/ms

Estimate the spectrum of different parts of the record. For this use the Tools/Spectrum/Average
menu command.

Approximate

Average

Pick 2D Spectrum

i weells, .
Static corrections 4
Apply procedure 3
\irite History, ..
Amplitude editing »

Trace Header Math...

Reflect header changes in...
Reflect ident. fields...

Text hint. .,

Print...

Save image...
-

Correction for amplitude attenuation

To compensate amplitude attenuation add the Amplitude Correction module into the flow. Place it
between the modules Trace Input and Screen Display. Changing the parameters of the module and
each time executing the flow, you can test different types of amplitude corrections. For purposes of
the subsequent processing, spherical divergence correction is a good choice. In order to apply this
correction, set the parameters of the module as shown on the figure below.
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Amplitude Correction

x]

Action to apply :

v Spherical divergence correction [1}s) 11.000000

| Exponential correction  [dB/s) |

| Automatical Gain Control. |
l—

| Trace equalization.

[ Time Variant Scaling

OK ‘ Cancel

Compare the appearance of the data before and after the spherical divergence correction. For this,
run the flow two times - with the active and "commented" Amplitude Correction module. (to
“comment” the module right-click it with the mouse). As a result, two Screen Display windows
appear on the screen, one of which contains corrected data, the other one — initial data.

Spectrum spreading

After the correction for spherical divergence, add the module Predictive Deconvolution to the

flow. When the purpose of the predictive deconvolution is spectrum spreading, it is reasonable to set
prediction gap equal to one sample, to select the filter length close to the length of the wavelet and
to assign the window for the calculation of the deconvolution operator in such a way that it contains
the target reflections. Basing on these considerations, some initial parameters can be assigned as
follows:
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Predictive Deconvolution

Decon gate start time |[2000.00
Decon gate end time |4000.00
Prediction gap (4.00

Ii
Ii
Ii
Decon operator length IW
Ii

"“White noise' level 2 |0.010

OK Cancel

Experiment with different parameters, research how the level of white noise influences the result.
The following two figures demonstrate the data before and after the use of predicting
deconvolution.

1000

2000

[Tri159  Sam:ldd  Amp:-4.44e+003 b:576.0ms Py [ El
7] i i ¥
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After the deconvolution:

My Project/My Area/Line 1/030 - preproc

Zoom  Common parametsrs, .. Took PANEspectrum .. Con/Zon oy Egl

1000

2000

[Tri104  Sam749 Amp:20.8  L:2996.0ms X [ §
] i | Mporrpisatens Windows Media| ]

Bandpass filtering

Bandpass filtering is to be used after the deconvolution, aimed to decrease the level of low-
frequency and high-frequency noise and to shape the spectrum of the trace to achieve a simple
wavelet. Add the module Bandpass Filtering into the flow after the deconvolution routine. In the
parameters of the module select Ormsby’s filter with the following parameters: 5-10-40-80 Hz.
Several CDP gathers after the bandpass filtering with these parameters are shown on the following
figure.
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My Project/My Area/Line 1/030 - preproc

Zoom  Common parameters... Tooks  Printspectrum .. ©of/Zon o Egt

1000+

2000+

[Tri178  Sami745 Amp:i3.09  £2990.0ms X | _|

] T 1 0 cerTAbpa 2007 .

Trace amplitude equalization

The amplitudes, recorded by each seismic receiver is influenced, among other things, by the
conditions around the source and the receiver. When the data is not aimed for the dynamic
interpretation (for example, for the purposes of AVO- analysis) it is not necessary to use the
complex procedures of the surface-consistent amplitude corrections, instead you can try to reduce
the differences between traces by the simple traces equalization. To do this add the module
Amplitude Correction into the flow again with the following set of the parameters:
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x]

Amplitude Correction

Action to apply :

| Spherical divergence correction [1{s] |

| Exponential correction  [dB{s] |

| Automatical Gain Control. |

TET
Iv Trace equalization. Basis for scaling : MEAN
Time gate start time [ms] |1 F00.000000
Time gate end time [ms] |4|]|]|]_l]l]l]l]l]l]

[ Time Variant Scaling

1] 4 ‘ Cancel

Note, that the window we select here for estimation of the average amplitude of each trace contains
the target reflections and does not contain trace sections before the first arrivals.

At the present moment the flow looks as follows:

¥ My Project/My Areafline 1/030 - preproc

Help Options Database Tools Run Flow mode,., W
Trace Input <- line 1 - raw |32 View 3D Screen Display -
Amplitude Correction Velacity Editor QC Anclysis
Predictive Deconvolution | ddvarnced VEP Dispady Interactive Velocity Analysis
Bandpass Filtering 3D Guzer Stream Plotting
Amplitude Correction Migration
Screen Display VSP Migration T-K Migration
Curved Profile VEP Migration Stelt F-K Migration
STOLT3D
Trace Editing
Trace Math X Interpolation
Trace Length Trace Editing
Data Enhancement
2D Spaticl Filtering F-K Filtering
Anienng Ringdown Removal  Radon Transforms
Recdial Frace Transform 2D Spatial Filtering (1)
3C Processing
3C Orientation symlort
Geometry/Headers
Trace Header Math Hevuder Averager
ME1 - Drag module; Cerl+MEL - Copy module; MEL DblClick - Module Parameters; MEZ - Togagle module; Chrl+ME2 DblClick - Delete v
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Assigning muting parameters

Since our processing is aimed to obtain a seismic section of reflected waves, in this case, direct
wave is, obviously, shall be considered as noise. The most effective method of suppression of this
noise is the top muting from the beginning of the trace to the time, equal to the direct wave arrival
time, plus some time after it, containing the wavelet of the direct wave.

In order to assign this muting, re-sort the traces in the module Trace Input temporarily in the order
OFFSET:CDP. To do it, change the parameters of the module Trace Input as follows:

Trace Input
[ata Sets Sart Figldz
lire: 1 - raw OFFSET
COF t
Add.. Delete | Add.. | Delete |
(+ Selection
=0-10000010)

" Databaze object

ak. | Cancel | " Get all

Execute the flow; the traces, sorted out in ascending order of the OFFSET header field will be
shown on the screen. Such a gather (called, common-offset gather) allows convenient assigning the
muting time, which will be suitable for all CDP gathers.

" Select from file
Otoose. |

To do it, create a new pick object (Tools/Pick/New Pick menu command of the Screen Display),
then pick the time of muting approximately as shown on the figure (direct wave arrival time plus
~100-200 ms).
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My Project/My ArealLine 1/030 - preproc

Zoom  Common parameters... Tools ©ofoiop (o Exit

1000

2000

Triz386  Sam:250  Amp:-0.00706 t:1000.0ms ‘i H ||

A pick in the RadExPro is the collection of the time values matched by two header fields, as it is
considered that it is always possible to find two header fields that will unambiguously identify a
trace (for example, number of CDP and offset, or shot point number and channel number). In this
case, however, we want the time of the muting to be suitable for all CDP gathers and depend only
on the offset. Therefore we must bind the pick to only one header field - OFFSET.

To do it, select the Tools/Pick/Pick Headers entry of the Screen Display menu
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My Project/My AreafLine 1/030 -

Zoom  Common paramekers. ..

pLITER

Approximate
Spectrum

Static corrections
Apply procedure
‘Write History ...
Amplitude editing
Trace Header Math. ..

Mew pick

Deleke pick

Load pick...

Load pick w/interpolation. ..
Callect picks

Save

Save ds...

Reflect header changes in...
Reflect ident. fields...

Load from header...
Save ko header...

Texk hint. ..

Export pick...

Prink. ..

Import pick...

Save image. ..

Line style. ..
Label Picks...

Picking mode. ..
First breaks...
Pick mouse mode
Least squares

Marks orly

TAE
Shift+TAE

Mext pick
Previous pick.

In both columns of the open window select OFFSET:OFFSET

Then click the OK button and save the pick with the Tools/Pick/Save As... command of the Screen

Pick headers

FFID ” FFID s
IGAIN B IGAIN B
ILINE_MDO ILINE_MO

Lat_D Lat_[r

Lan_D Lan_D

MARKER MaRkER

NOME HOME

MNUMMS kP = kP =
QFFSET

PATH =5 =5
FICK1 FICE

FICK2 FICE2

PREAMP PREAMP

R_LIME R_LIME

REC_CRL REC_CRL

REC_DATLIM REC_DATLIM

REC_ELEY REC_ELEY

REC_H20D REC_HZ0D

REC_IML b REC_IML b

Cancel |

Display menu. Indicate the name of the pick as top_mute.
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Top muting
In the flow 030 - preproc return to the initial sorting (CDP:OFFSET) changing respectively the
Trace Input parameters.

Add the module Trace Editing to the end of the flow (before the Screen Display module) with the
following parameters:

Trace Editing

Muting l Hu:urizu:un]

" Bothorn muting

" Trace killing

" Muting in window ms
Taper window length lmi

Save template | Load template | k. | OTraeHa

On the second tab specify the horizon that will define muting, as a database pick top mute, which
was saved at the previous stage. The Horizon tab must look like this:

Trace Editing

Muting Harizon l

" Trace header | |

" Specify

Save template | Load template | k. | OTrieHa

Now the flow looks like the following:
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P My Project/My ArealLine 1/030 - preproc

Help ©Options Database Tools

Trace Input <- line 1 - raw
Amplitude Correction
Predictive Deconvoelution
Bandpass Filtering
Amplitude Correction
Trace Editing

Screen Display

Fun  Flow mode... NS
Advanced VP Dispaly Interactive Velpcity Anclysis
3D Gazer Strecm Plotting
Migration
VEP Migration I-K Migratfion
Curved Profilz VEP Migration Stelt F-K Migration
STOLT3D
Trace Editing
Trace Math X Interpolation
Trace Length Trace Editing
Data Enhancement
20 Spaticl Filtering F-K Filtering
Antenna Ringdown Removal Radon Transforms
Rodial Frace Transform 20 Spatial Filtering (1)
3C Processing
3C Orientation symlort
Geometry/Headers
Trace Header Math Header Averager
Shift Header
Other

IMBI - Drag module; Cerl+ME1 - Copy module; ME1 DblClick - Module Parameters; MEZ - Toggle module; Chrl+MEZ DbiClick - Delete - :I

(i

Execute it and make sure that the result looks approximatel

My Project/My Area/Line 1/030. - pr.

Zoom  Common parameters,

Tools  Exit/2

10004

20004

like this:

[Tr:145  5am:735  Amp:-1.31
< I

£:2940.0ms.
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Execution of the preprocessing flow

At this point you may consider that the parameters of preliminary data processing are selected and
you can execute the flow with the complete dataset. To do it change the parameters of the
Trace Input in such a way that now the data from all CDP points enter the flow:

Trace Input
[rata Sets Sort Fields
line: 1 - 1w
OFFSET tj
Add.. Delete | Add.. | Delete |
* Selection
0-10000071 ).~

" Database object

(] | Cancel " Get al

" Select from file
toose. |

As the volume of data in the flow is rather large now, we have to execute it frame by frame. In the
window of the flow editor select the Flow mode menu entry and assign the frame size so that the

data of each frame were completely fit to the available RAM memory:

Flaws Data Proceszing Mode

" Al &t once [allin rmermnany)

Frame Selection

[+ Honar ensemble boundaries

Frame width [traces] |1500

ak. | Cancel |

Add the module Trace OQutput to the end of the flow in order to save the results of the preliminary
data processing. In the parameter dialog of this routine create a new dataset with the name /line 1 —
preproc where the data from the flow will be saved to.
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Comment the Screen Display.

Finally the processing flow appears as follows:

P My Project/My ArealLine 1/030 - preproc

Help Options Database Tools Run  Flow mode... BSEs
Trace Input <- line 1 - raw Data 'O~
Amplitude Correction Trace Input Datter Input
Predictive Deconvolution Trace Ouiput Dates Output
Bandpass Filtering VSP Data Maodeling 3D Dettee Inpiat
Amplitude Correction 3D Data Ouiput SEG-D Input
Trace Editing 20} Finite Difference Modeling Super Gather
Trace Output -> line 1 - preproc GSST RAMAC/GPR
0t Sereen Display JOrHC Lot Solid Layer - Solid modeling
SC8-3 Input SEG-B Input
SEG-Y Input SEG-Y Output
Text Outpit
Signal Processing
Amplittide Correction Bandpass Filtering
DC Removal Hilhert Tronsform
Resample Treace Meath Transforms
VEP SDhC Treace Math Transforms (1)
Wave figld subtraction
Stacking/Ensembles
Ensemble Stack Asymptotic CCP Binning
ME1 - Drag module; Crrl+MEL - Copy module; MEL DbiClick - Module Parammeters; MEZ - Toggle module; Chrl+MB2 DbIClick - Delete “

Execute the flow.

Velocity analysis and stacking

Preparation of the data for velocity analysis, super-gathering

As arule, in order to increase the signal-to-noise ratio and obtain more coherent velocity spectra,
velocity analysis is carried out on ensembles consisting of several adjacent CDP gathers (the so
called super-gathers), rather than on separate single CDP gathers.

Another peculiarity of the data preparation to the velocity analysis is that the data must possess
maximum signal-to-noise ratio, while the high vertical resolution of the record and the recovery of
the dynamics are not important. Therefore, when preparing the data to the velocity analysis such
procedures as automatic gain control in a relatively short window and bandpass filtering in a
relatively narrow band (aimed to keep only the part of the spectrum with the the maximum signal-
to-noise ratio) are often used.

Create the flow 040 — velocity analysis.
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' RadExPro+ 3.75 >>> My Project M=

Help ©ptions Database Tools WS
A~
{ My Areal-{Line 1}-{010 - data load| =
020 - geometry El‘ll?-l:k|
030 - preproc
040 - velocity mml:lrsis| NEW
T,
RENAME
U
TRASH)
ME1 DbiClick - Default action; MEZ - Context menu; MEL - Drag Flow ko line to copy W
—

Place the Super Gather routine, which will form the super-gathers, in the beginning of the flow.

It is reasonable to select the Super Gather parameters approximately as shown on the following

figure.
%]

Super gather l

“ G0 Gathe X Start

»End 100000
#Range [1n

lﬂi
|5I:I7

" 30 Gathe ' Start li " End
li
li
li

* Step

Y Step

[ Bir offzets  OFf. Start

li
li
0ff. End li
li

ff. Step ff. Range

D atazet... ||Iine'| - preproc
Save template| Load template| k. | OTrEHa

That is, the velocity analysis will be carried out with an interval of 50 CDP points, each super-
gather will contain10 adjacent individual CDP gathers. The super-gathers are formed of the
preprocessed dataset line I - preproc prepared at the previous stage.

If you add the module Screen Display into the flow after the Super Gather you will be able to see
how the resulting super-gathers look like.
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My Project/My Areafline 1/040 - velocity analysis

Help  Options Catabase Tools Run Flow mode,,, B35S
PR T
sSuper Gather Resample Trace Math Transforms _
Screen Display VSP SDC Troace Math Transforms (1)
Wuve field subtraction
Stacking/Ensembles
Ensemble Stack Asyrplotic CCP Binrning
Deconvolution
Deconvelution Predictive Deconvelution =
Surfuce-Consistent Decanvolution Custamn Impulse Trace Transforms
Nonstationary predictive deconvolution
Interactive Tools
V8P Display Screen Display
30 View 3D Screen Display
Velocity Editor QC Analysis
Advanced VSP Dispaly Tnteractive Velacity Analysis
3D Gazer Strecm Plotting
Migration
V8P Migration I-K Migration
Curved Profile VNP Migration Stoft F-K Migration
Trace Editing
ME1 - Drag module; Chrl+MEL - Copy module; ME1 DblClick - Module Parameters; MBZ - Togale maodule; Ctrl+MBZ DblClick - Delete e

The following figure shows the result of executing such a flow.
My Project/My Areafl ine 1/04

Zoom Common parameters..,  Tools

1ooo

000

Trii099 Sam:171 Amp0  b6e4.0ms Lo WET
2] ]

It is easy to see that, due to the use of a substantially larger volume of data, the phases of the
reflected waves are outlined much more confidently than on single CDP gathers..
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Velocity analysis

Comment the Screen Display module or remove it from the flow. For conducting the velocity
analysis, add the Interactive Velocity Analysis routine to the end of the flow.

Let us discuss the assigning order and the reasonable values of the parameters of the module.

First, it is necessary to specify, where to save the resulting velocity pick. The output velocity field
can be stored either in a text file or in a database “velocity-pick” object. We recommend that the
output velocities are always saved as a database object. (Then all possible manipulations with
them, such as export/import, can be made using the with the special tool Database Manager,
available from the Database/Database Manager menu of the RadExPro main window).
Therefore, in the module parameter dialog select the Output Velocity tab and make sure that the
option Database - picks is selected.

Interactive ¥Yelocity Analysis E|
PS/PP velocities ] Semblance Dizplay ] (3 ather Dizplay ] FLP Dizplay ] CWS Dizplay ]
Cuper gather ] Input welocity Dutput welocity Semblance ]
~
" Use file:

| Browsze...

* [Database - picks |veII:I

g |

Yelocity damain Welocity ype
) lﬁ ¥ RMS " Interval

Save template| Load template k. OTrEHa

Click the Browse button corresponding to this option and in the appeared dialog box specify the
database object name, where the velocity pick is to be stored, as shown on the following figure.
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Choose velocity picks

X

Object name |veld
Objects Locatian
= My Area
—|- Line 1
010 - data load
020 - geomety check
030 - preproc
040 - welocity analyziz
Fename. .. | Delete | Ok | Cancel |

It is reasonable to store the velocity picks at the second level of the
line.

database, corresponding to the

Now specify the same velocity pick as an input velocity function. It will be useful if you decide to
return to the velocity analysis later and to continue the work with the pick. For this in the Input

Velocity tab assign the same parameters as on the previous one.

Interactive ¥Yelocity Analysis

%]

PS/PP velocities ] Semblance Dizplay ] [z ather Dizplay ] FLP Dizplay ] CWS Dizplay ]
Cuper gather Input welocity Dutput selocity ] Semblance ]
" Single velocity function
" Use file:
| Browsze...
¥ Databaze - picks |veII:I
= |
Yelocity damain Welocity ype
) lﬁ ¥ RMS " Interval
Save template| Load template| k. OTrEHa

Important!: When assigning a new velocity pick, its name must be specified first on the Output
Velocity tab and only then - on the Input Velocity tab. Otherwise the program reports an error

message.
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Now select the tab Super gather and switch off the Bin offsets option. This option allows for
summing up the traces with the close offsets before calculating the velocity spectrum. This would
result in much faster calculation of the velocity spectrum, however its coherency somewhat
deteriorates.

Interactive ¥Yelocity Analysis E|
PS/FPP velocities ] Semblance Dizplay ] (3 ather Dizplay ] FLP Dizplay ] CWS Dizplay ]
Super gather l Input welocity ] Cutput welocity ] Semblance ]
(s ¥ Start # End

* Step * Range

{ ' Start ' End

[ Binoffsets  OFF. Start

0ff. End

ff, Step

T

li
li
li

" Step li " Range
li
li

2ff. B ange

:

Save template| Load template | k. OTrEHa

Select the tab Semblance to assign the parameters of the velocity spectrum calculation: the start and
end velocities, the velocity step and the time step. The velocity spectrum will be calculated as a
normalized for the specified range of velocities.
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Interactive Velocity Analysis [z|

PS /PP velocities ] Semblance Dizplay ] (3 ather Dizplay ] FLF Dizplay ] CWS Display ]
Super gather ] [nput welocity ] Olutput welocity Semblance

Start velocity  |50n End velocity  |snnn
Yelocity step |20 Time step |2EI

Mumber of CWS 11

Save template| Load template | k. | OTreHa

The parameters by default for the considered data set are completely acceptable.

The remaining dialog tabs are responsible for display parameters of different elements of the
velocity analysis window.

It is reasonable to keep the parameters by default on the Semblance Display tab responsible for the
parameters of velocity spectrum display.
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Interactive Velocity Analysis E|

Super gather ] [nput velocity ] Output velocity ] Semblance ]
PS/PP velocities  Semblance Display | Gather Display | FLP Display | S Display |

Dizplay mode Scaling

7 WT A, = Mane Marmal ty_pe
W i Entrire Scree i S ERT
W = Individual Mean

e . " AMS
(e {Color Additional szalar |'I
i |EI
Palette... | B

Save template| Load template | k. | OTreHa

It is reasonable to display the traces of the current super-gather for which the velocity analysis is
performed in color. Select any palette, in which the traces before and after the normal move-out
(NMO) corrections will be conveniently observed (by default the gray-scale pallet is selected, here
we are going to replace it by the black-white-orange pallet). For this, first select the Color option of
the Display mode in the tab Gather.
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Interactive Velocity Analysis [Z|

Super gather ] [nput velocity ] Output velocity ] Semblance ]
PS /PP velocities | Semblance Display ~ Gather Display | FLP Display | S Display |

Dizplay mode Scaling

O WT A " Maone Mormal t_l,l-pe
O WwWT " Entrire Scree i P awirnir
WA o Individual bean

" RBMS
« Colar Additional zcalar |'I
Biaz |':|

Save template | Load termplate | k. | OTreHa |

Then click the Palette button and in the appeared dialog box click on the Load palette button.

Custom Palette

Cancel

Load palette. . Save palette. .

A set of the predefined palettes is stored in the folder, where the RadExPro package is installed, in
PALETTES subdirectory. Select the palette blkwtord.pal.
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Oanka: |9 PALETTES v - meE
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?-[: . shade.pal

welink. pal
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.

Ceresoe Wra datina: ]I:ulkwtnrd.pal _:_| Otkpems

0K PUYHEHHE
OTtieHa

p

Tun ainoe: I Palette files

The result should be as shown in the following figure.

] 4
Cancel

Save palette. .

The dynamic stack (FLP Display) and the panel of the constant velocity stacks (CVS Display) can
be conveniently observed when the traces are displayed in wiggle trace/variable area (WT/VA)
mode. Therefore the parameters for them can be kept as they are set by default.
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Interactive Velocity Analysis Pz|

Super gather ] [nput velocity ] Output velocity ] Semblance ]
PS5 /PP velocities | Semblance Display | Gather Display | FLP Display  C5 Display

Dizplay made | [~ Scaling

: " Maone Mormal type
™ Entrire Scres T
* Individual " Mean

" RBMS
" Colar Additional zcalar |'I
| Biaz |':|

Save template| Load template | k. | OTreHa

After assigning the parameters, execute the flow.

As a result, the interactive velocity analysis window will appear. It consists of 4 parts (from left to
right): the semblance (velocities spectrum), the current super-gather, the dynamic stack and the
constant velocity stack panels.

The dynamic stack consists of the traces, obtained as a result of stacking of the CDP gathers of the
current super-gather corrected for NMO with with the current velocity pick. When the velocity pick
changes, the stack is dynamically recalculated.

The constant velocity panels show a series of stacked traces for a series of constant velocities. Each

stack fragment here is obtained from the CDP gathers of the current super-gather corrected for
NMO with one or another constant velocity.
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Velocity pick is made on the semblance panel. When picking, follow the maximums of the energy

of the semblance. An example of a reasonable velocity pick for the above figure is shown below:
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M Interactive Velocity Analysis SCDP = 100, ILINE = 100, XLINE-0
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Additionally, the module Interactive Velocity Analysis allows accomplishing the following
actions, useful for the QC of the velocity picking:

2750:

ol W wHn

W=2764 T=2173 |SCOP =100, ILINE =100, XLINE=0

e The button N on the tool bar switches on the mode, when the current super-gather is
dynamically corrected for NMO with the current velocity pick. At that, the travel time
curves of the reflections ideally must become rectified (see the figure below).
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M Interactive Velocity Analysis SCDP = 100, ILINE = 100, XLINE-0
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e Clicking the Dix button of the tool bar you may display the interval velocities calculated for
the current velocity pick according to the Dix’s formula (light-blue blocked curve on the
figure). By the way, switching this option on and changing insignificantly the stacking
velocity (barely moving one of the points of the velocity pick), you can see how extremely
unstable is the conversion of the RMS velocities (that is what we actually pick) into the
interval velocities. You can see that even the slightest changes in the stacking velocity can
lead to sometimes catastrophic changes in the interval velocities. This effect is the greater,
the less is the analyzed interval.

After the velocity pick for this super-gather position is assigned, it is possible to pass to the next
position, clicking the button with the right arrow on the tool bar. If you carry out the velocity
analysis in the framed mode, you can move through the super-gathers to the right or left within the
current frame, otherwise — within the entire dataset.

Carry out the velocity analysis for all super-gathers, then before exiting the module press the Save
button on the tool bar in order to save the created velocity pick.

Stacking
Create the flow 050 — stack.
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RENAME
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The flow must contain the following routines:

Trace Input, which enters the line I - preproc dataset into the flow in the CDP:OFFSET sorting

order.
Eq

Trace Input

[ata Sets Sort Fieldz

CDP ﬁ_

Add... Delste | Add... | Delste |

(¥ Selection

B

(" Databaze object

Ok, | Cancel " Get all

" Select from file
hoosz. |

The NMO/NMI module to correct the traces for the NMO. The parameters of the module should be
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assigned as follows. Select the NMO mode in the NMO tab, set muting on the signal tension = 30
(i.e. those parts of the traces, which as a result of the NMO correction will be extended to more than
30%, will be reset to zero).

NMO/NMI X
MO l"-.-"elu:u:it_lrll
0 NI'-.-1|:| Mute percent l;ﬂi
£ Ml

[ Usze coordinate interpolation

Save template | Load termplate | k. | OTrEHa |

In the Velocity tab select the velocity pick, which was obtained as a result of the velocity analysis
performed before.

NMO/NMI X

MO Melociy ]

" Single velocity function

£ Usze file:
| Browsze...
{* Database - picks |veIEI Browse...
g |

Yelocity damain Welocity type

+ lﬁ & BMS {7 Interval

Save template| Load template | 2k, | TreHa

After the NMO/NMI module in the flow, place the Ensemble Stack routine. This module stacks
horizontally all the traces within each ensemble in the flow. Since in this case in the Trace Input at
the beginning of the flow the CDP header field was selected as the first sorting key, the CDP gathers
will be considered as ensembles.
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Assign the parameters of the Ensemble Stack module as shown on the following figure.
Ensemble Stack [5_(|

taode
" Mean

" Median

* Alpha trimmed 3 kS
™ Coherent stack |30 %
Window [races] |3

Filter length [ms] |E0

[v Treat zero as result of muting

| 2k | Cancel |

Finally, the Trace Output module should be the last one in the flow, it will save the results to the
line 1 — stack dataset, which is also reasonable to be created at the second structural level of the

database.

Trace Output [Z|
File... line 1 - stack ; My Areatline 14line 1 - stack
Iv Store headers outzide database Output zample format + B4 O 12 |1

Cancel |

x)

Select dataset

Object name |Iine 1 - stack|

Objects Location

line 1 - raw =1 My Area

lire 1 - EreEmc 3. Line 1
M0 - data load

020 - geometry check
030 - preproc

040 - welocity analyziz
050 - gtack

Rename... | Delete| Ok | Cancel

The flow looks now as shown on the following figure:
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¥ My Project/My Area/Line 1/050 - stack

Help ©Options Database Tools Run Flow mode, .. B3
Trace Input <- line 1 - preproc Data 'O &
NMO/NMI Trace Input Detice Input
Ensemble Stack Frace Output Datee Oritput
Trace Output -= line 1 - stack | V3P Date Modeling 30 Date Input
3D Datter Qridput SEG-D Input
20 Fipite Difference Madeling Super Gather
GSST RAMAC/GFPR
JOFHC Lamb: Selid Layer - Solid modeling
SC8-3 Input SEG-B Input
SEG-Y Input SEG-Y Output
Text Ouiput
Signal Processing
Amplitude Correction Bandpess Filtering
DC Removal Hilbert Transform
Rescmple Trace Math Transforms
VEP SDC Trece Math Transforms (1)
Wave fleld subtraction
Stacking/Ensembles
Ensemble Stack Asympiotic CCP Binning
Deconvelution
Deconvolution Predictive Deconvolution
Sturface- Consistent Deconvolution Custom Impitlse Trace Transforms
Nonstationary predictive deconvolution
Interactive Tools
V5P Display Screen Display
30D View 3D Screen Display
Velacity Editar QC Andalysis
ME1L - Drag module; CbrlH-ME1 - Copy module; MB1 DblClick - Module Parameters; MBZ - Toggle module; Chrl+MB2 DbIClick - Delete w

For executing this flow, switch on the framed mode. Set any reasonable frame width and make sure
that the Honor ensemble boundaries option is on. This will ensure that each frame is completed
until the last trace of the last ensemble in the frame.

Flaw D1ata Proceszing kMode

Al at once [all in remarn)

Frame Selection

[v Honor enzemble boundaries

Frame width [traces] |1500

ok | Canicel |

Execute the flow.
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Display of the stack
Create the flow 060 — view stack.

¥+ RadExPro+ 3.75 >>> My Project

Help ©ptions Database Tools Exit
-
{ My Area-Line 1}-{010 - data load] =
H020 - geometry check| D
L
H040 - velocity analysis|
D30 - stack LY
0G0 - view stack| “EE_’;‘,E
A
ME1 DblClick - Default action; MBZ - Context menu; MB1L - Drag Flow to line bo copy L

The flow should consist of the modules Trace Input and Screen Display. The Trace Input should
read the obtained stack (/ine 1 - stack) sorted by CDPs.

The result should look approximately as shown on the following figure.

57



My Project/My Arealfline 1

view stack

Zoom  Common parameters,,,  Tools  Eob Siop flon Exik Help
-~
[ 2
1=
10004
o004
Tri400  Sam:99  AmpiZB4 £i396.0ms e B2 ’é_\__?

58



	Content
	Introduction
	Data input, assigning geometry, binning
	Creating a RadExPro Plus project 
	Loading raw data into the project
	Geometry assigning and binning
	Import of coordinates of source and receiver points from a text file
	Calculation of the distances between the shot and receiver points, coordinates of CDP points, binning

	Sorting the data by CDP and control of the assigned geometry 

	Data analysis and trace by trace processing
	Sorting traces by CDP and analysis of the wave field
	Correction for amplitude attenuation
	Spectrum spreading
	Bandpass filtering
	Trace amplitude equalization
	Assigning muting parameters
	Top muting
	Execution of the preprocessing flow

	Velocity analysis and stacking
	Preparation of the data for velocity analysis, super-gathering
	Velocity analysis
	Stacking
	Display of the stack


